We have observed a finite-size effect of giant magnetoresistance (GMR) and extraordinary Hall effect (EHE) in CoqoAgso and Fe2pAgsp granular thin films of varying thickness. The GMR approaches zero as the thickness approaches zero. The thickness dependence of GMR can be explained by a dimensional-confinement effect coupled with a large surface-induced spin-Gipping cross section. The EHE exhibits a strong correlation with GMR, which is likely due to the surface-induced spin-orbit interaction.
Since the discovery of giant magnetoresistance (GMR) in layered structures, we have witnessed a series of developments in the understanding of the magnetotransport in heterogeneous systems.
The recent Gnding that GMR also exists in granular systems has broadened the scope of this research area. A prevailing physical picture of GMR is that there exist two independent currents made of spin-up (+) and spin-down ( -) electrons. They are scattered by the magnetic components with different scattering rates I/r+, 1/w dependent on the relative orientation between the electron spin and the magnetic moment vector of a scatterer. As one increases the magnetic field (H), the magnetic moments in difFerent layers or granules are gradually aligned. This subdues the scattering suffered by one of the spin currents, which in turn reduces the resistance of a sample due to a short-circuit-like effect. Despite the formidable structural complexities, the "two-current" model in its numerous variations ' The magnetic properties of a granular film are of paramount importance to GMR. One naturally raises the question whether a possible variation in the underlying magnetic state could lead to the observed t dependence of GMR. Our magnetic measurement on difI'erent samples rules out this scenario. Figure 3 Simultaneously, the particle size was also obtained 6.om such a fitting; the data are shown in Fig. 3(b) Thickness t (A) scattering centers, which not only affect electron mobility, but also randomize electron spin orientation. Often a phenomenological parameter e is used to describe the probability of spin flipping in elastic SO scatterings,~1/e being the average number of scattering events needed to cause spin randomization. For a thin film the spinflipping rate, 1/zing, can be separated into a bulk and a surface contribution:
where po --m'/2ne 7o is the zero-H resistivity, pg m'/ne 7+ are pg = m'/ne r are the resistivities of the two spin channels, and p~g = m*/ne2~~g is due to the spin-mixing effect. We will extend this phenomenological model to account for the finite-size effect of GMR by including both the spin-mixing effect and the geometrical confinement. To do so we need to find three scattering In writing relation (2), we have used 1/vs = 3v~/8t from relation (1). Relation (2) Fig. 4(a) Fig. 2 ). A careful examination has shown that there is a new scaling relation between the GMR quantity Ap/p and p'". In Fig. 4(b) , we plot [Ap(t)/p] vs p'"(t). The observed linear correlation between [Ap/p]2 and p'"(t) is highly unconventional. Al- though the exact mechanism is not clear at the moment, we believe that the surface-induced SO interaction is the common cause of the finite-size effect of both GMR and EHE. The new correlation implies convincingly that the traditional treatment of EHE is invalid in heterogeneous systems. It is imperative in theory to treat both GMR and EHE simultaneously and self-consistently.
